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The invention relates to a method of measuring 
properties of paper and an arrangement in a paper 
measuring apparatus. The measuring probe (4a, 4b) of 
the measuring apparatus is kept at a distance from the 
surface of the paper (2) by feeding medium between the 
measuring probe (4a, 4b) and the paper (2) through the 
measuring probe (4a, 4b). The pressure (P) of the medium 
to be fed, the dimensions of the feed hole (6a, 6b) and 
the measuring probe (4a, 4b) and their distance (ho) from 
the surface of the paper (2) are arranged in such a way 
that after the medium is discharged from the feed hole (6a, 
6b), the flow rate increases so as to produce underpressure 
which generates a force between the paper (2) and the 
measuring probe (4a, 4b), which force (F) tends to move 
them towards one another. The feeding of the medium 
generates a force between the measuring probe (4a, 4b) 
and the paper (2) forcing them away from one another, 
whereby the measuring probe (4a, 4b) and the paper (2) 
settle in a state of equilibrium determined by said forces. 
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Method of measuring properties of paper, and arrangement in a 

PAPER MEASURING APPARATUS 

The invention relates to a method of measuring properties of paper, 
the method comprising measuring properties of paper with an apparatus com- 

5 prising at least one measuring probe having a feed hole substantially sym- 
metrically placed in the centre of the measuring probe, medium being fed be- 
tween the measuring probe and the paper via the feed hole. 

The invention further relates to an arrangement in a paper meas- 
uring apparatus, the arrangement comprising at least one measuring probe, a 

10 sensor arranged in connection with the measuring probe, a feed hole ar- 
ranged substantially symmetrically in the centre of the measuring probe, and 
means for feeding medium between the measuring probe and the paper 
through the feed hole. 

In a paper machine, the thickness and other properties of paper 

15 and cardboard are typically continuously monitored as the paper is moving. 
Apparatuses are usually fastened to what is known as a measuring beam, in 
which the apparatuses continuously move in a reciprocating manner in the 
transverse direction of the paper and continuously measure the paper as it 
moves forward. Sensors are arranged as close to the surface of the paper as 

20 possible to improve measuring accuracy. This causes a plurality of problems, 
e.g. if the measuring sensors for some reason come into contact with the sur- 
face of the paper, the sensors may leave tracks on the paper. Furthermore, 
the contact may cause fouling of measuring heads, resulting in impaired 
measuring accuracy in the long run. The contact of the sensors with the ir- 

25 regularities of the surface of the paper may also cause holes to be formed in 
the paper. Consequently it is known to use what is known as air bearing, the 
sensors being provided with a bored hole or holes through which air is blown 
between the sensor and the paper web. Owing to air bearing, the sensor is 
able to stay away from the web, and hence e.g. irregularities on the surface of 

30 the paper do not come into contact with the measuring head. This avoids for- 
mation of holes in the paper. Formation of traces on the surface of the paper 
is also avoided and fouling of the sensors diminishes. Such air bearing solu- 
tions are disclosed in e.g. German Offenlegungsschrift 28 29 264 and 40 11 
646 and in US Patents 4,450,404 and 4,528,507 and in WO 95/30877. It is 

35 common to all these solutions that air is blown either from a plurality of aper- 
tures or at a high pressure or from a large area or in some other way, ensuring 



WO 99/44014 



PCT/FI99/00147 



2 

that the quantity of air keeps the measuring head away from the surface of the 
paper. However, said solution does not ensure at a sufficient accuracy that the 
gap between the measuring head and the paper remains constant, and thus 
the measuring accuracy does not remain sufficiently high. 
5 US Patent 3,855,524 discloses a solution corresponding to the 

above publications, with the exception that air jets are directed inclined to- 
wards the edges of the sensor to prevent the sensor from tilting. However, the 
problems with measuring accuracy are identical to those in the above publica- 
tions. 

10 WO 96/35112 discloses a sensor provided with an asymmetrically 

arranged opening from which air is blown between the sensor and the paper 
Around the opening, close to it, is an circular channel into which the air be- 
tween the sensor and the paper flows through the opening. The circular chan- 
nel is in communication with a discharge channel via which the air flown to the 

15 circular channel is led out Other means are used to blow air into the dis- 
charge channel to provide an ejector effect to increase the stream velocity of 
the air flowing in the circular channel. An increase in the stream velocity re- 
duces the pressure in the portion inside the circular channel below ambient. 
The solution is extremely complex and the flow resistances can easily cause 

20 failure of achieving the underpressure. The apparatus is difficult to manufac- 
ture, and e.g. the discharge channel can absorb dust, making the apparatus 
extremely difficult to maintain. 

It is an object of the present invention to provide an arrangement 
which avoids the above drawbacks. 

25 The method of the invention is characterized in that medium is fed 

to produce a force which keeps the measuring probe at a distance from the 
surface of the paper, the diameter of the feed hole, the diameter of the meas- 
uring probe, the distance between the measuring probe and the paper, and 
the pressure for feeding the medium being arranged such that when the me- 

30 dium is discharged from the feed hole, the flow rate of the medium increases 
so that the flow produces underpressure which generates a force between the 
paper and the measuring probe, which force tends to move the measuring 
probe and the paper towards one another, whereby they are set in a state of 
equilibrium determined by said forces. 

35 The arrangement of the invention is characterized in that at a given 

pressure for feeding medium the diameter of the feed hole, the diameter of the 
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measuring probe and the distance between the measuring probe and the pa- 
per are arranged such that when the medium is discharged from the feed hole, 
the flow rate increases so that the flow produces underpressure which gener- 
ates a force between the paper and the measuring probe, which force tends to 
5 move the measuring probe and the paper towards one another, thus keeping 
them close to one another, whereby the measuring probe and the paper are 
set in a state of equilibrium with respect to their mutual distance. 

It is an essential idea of the invention that the measuring probe of 
the measuring apparatus is kept at a distance from the surface of the paper by 

10 feeding medium, preferably air, through the measuring probe, between the 
measuring probe and the paper so as to adjust the measuring probe and the 
paper in a state of equilibrium with respect to their mutual distance, it is a fur- 
ther idea that the pressure of the medium to be fed, the dimensions of the feed 
hole and the measuring probe and their distance from the surface of the paper 

15 are arranged in such a way that after the medium is discharged from the feed 
hole, its flow rate increases so as to produce underpressure which generates 
a force between the paper and the measuring probe, which force tends to 
move them towards one another. On the other hand, the feeding of the me- 
dium generates a force between the measuring probe and the paper forcing 

20 them away from one another, whereby the measuring probe and the paper 
settle in a state of equilibrium determined by said forces. 

It is an advantage of the invention that the measuring probe and the 
paper can be set in such a state of equilibrium that the distance between them 
extremely accurately remains constant. Furthermore, a gap remains between 

25 the measuring probe and the paper, whereby the irregularities on the surface 
of the paper do not come into contact with the measuring head, and holes are 
not formed in the paper. Traces are not formed on the surface of the paper 
and fouling of the sensor can be kept relatively slight. 

In addition to paper, the term paper refers herein also to cardboard. 

30 The invention will be described in greater detail in the attached 

drawings, wherein 

Figure 1 is a schematic partially sectional side view of an arrange- 
ment of the invention, 

Figure 2 is a schematic view of a measuring probe of the invention 

35 seen from below, 

Figure 3 is a sectional side view of the measuring probe of Figure 2, 
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Figure 4 shows variations in pressure generated by the solution of 

Figure 3, 

Figure 5 schematically shows a measuring probe solution of the ar- 
rangement of the invention seen from below, and 
5 Figure 6 is a side view of the solution of Figure 5. 

Figure 1 shows an apparatus comprising a first measuring head 1a 
and a second measuring head 1b, paper 2 being arranged between them. The 
paper moves in the machine direction in accordance with arrow A. The first* 
measuring head 1a and the second measuring head 1b are arranged in what 

10 is called a measuring beam 3, in which the measuring heads 1a and 1b trav- 
erse substantially continuously in a direction transverse to the machine direc- 
tion. Properties of the paper are measured substantially continuously as the 
paper moves forward. A first measuring probe 4a is arranged in the first 
measuring head 1a and a second measuring probe 4b is arranged in the sec- 

15 ond measuring head 1b. A coil, for instance, can be arranged in the first 
measuring probe 4a, and e.g. a plate made from a suitable material can be 
arranged in the second measuring probe 4b, whereby the distance between 
the measuring probes 4a and 4b can be determined by the apparatus in a 
manner known per se. The sensors in the measuring probes 4a and 4b can 

20 have any structure known per se, so as to allow determination of the caliper or 
another property of the paper, the caliper being determined for example from 
the distance between the measuring probes. Furthermore, the measuring 
probe 4a and the sensor can be integrated to form one body. Different sen- 
sors and the use thereof in measuring properties of paper are obvious to per- 

25 sons skilled in the art, and are therefore not dealt with in any greater detail 
herein or in the attached figures. 

The first measuring probe 4a is fastened to the first measuring head 
1a by a flexible membrane 5a, the second measuring probe 4b is similarly 
fastened to the second measuring head 1b by a flexible membrane 5b. The 

30 flexible membranes 5a and 5b allow the measuring probes 4a and 4b to move 
towards one another or away from one another as e.g. the caliper of the paper 
2 varies. The location of the measuring probes 4a and 4b with respect to the 
paper 2 can also be adjusted by membrane actuators provided in the meas- 
uring heads 1a and 1b, the actuators not being shown in the attached figure 

35 for the sake of clarity. 

The first measuring probe 4a is provided with a feed hole 6a via 
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which medium is fed between the measuring probe 4a and the paper 2. The 
second measuring probe 4b is similarly provided with a feed hole 6b, via 
which medium is fed between the second measuring probe 4b and the paper 
2. The medium is preferably a gaseous substance, most preferably air. The 
5 medium is fed by means of air feeders, e.g. fans 7a and 7b. For the sake clar- 
ity, valves employed in feeding pressurized air are not shown in the figure. 

The* apparatus further comprises a control unit 8 for e.g. controlling 
the fans 7a and 7b or adjusting the pressure in some other manner. The con- 
trol unit 8 can also be used to collect measuring data from the measuring sen- 
10 sors. 

Figure 2 shows the measuring probe 4a seen from below. The feed 
hole 6a is arranged substantially symmetrically in the centre of the measuring 
probe 4a such that the feed hole 6a is surrounded by a sufficient area of even 
measuring probe 4a surface which is to settle towards the paper 2. The shape 

15 of the measuring probe may be other than a circle shown in the figure, e.g. a 
triangle, rectangle etc. 

Figure 3 is a sectional side view of the measuring probe 4a. Me- 
dium flowing in accordance with arrows B is fed between the measuring probe 
4a and the paper 2 via the feed hole 6a. The medium is fed from the feed hole 

20 6a at a steep angle with respect to the surface of the paper 2, the angle being 
preferably about 90°. The pressure P of the medium to be fed preferably var- 
ies between 10 kPa and 600 kPa. A typically used pressure is 100 kPa. The 
diameter df of the feed hole 6a and the gap ho between the measuring probe 
4a and the paper 2 are dimensioned such that the flow rate of the medium in- 

25 creases as it is discharged between the measuring probe 4a and the paper 2 
from the feed hole 6a to such a degree that the flow creates underpressure 
between the measuring probe 4a and the paper 2, whereby a force F is cre- 
ated between the measuring probe 4a and the paper 2, the force tending to 
move the measuring probe 4a and the paper 2 towards one another. On the 

30 other hand, the medium flow creates a force which keeps the paper 2 and the 
measuring probe 4a apart, whereby the measuring probe 4a and the paper 2 
settle in a substantially constant state of equilibrium with respect to one an- 
other. The point of equilibrium can naturally be affected by an external force, 
such as a membrane actuator adjusting the position of the measuring probe 

35 4a, but external forces are naturally kept substantially constant during meas- 
urement. The gap between the measuring probe 4a and the paper 2 prefera- 
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bly exceeds 5 micrometres, since the roughness of the surface of paper is 
typically approximately within this range. In order to produce sufficient under- 
pressure by the change in flow rate, the ratio between the diameter df of the 
feed hole and the gap ho between the measuring probe 4a and the paper 2 
5 should preferably be 

df/(4 * ho) > 2. 

A typical value for the gap ho between the measuring probe 4a and the paper 
10 2 is 60 micrometres. For the sake of clarity, in Figure 3 the gap ho between 
the measuring probe 4a and the paper 2 is shown significantly larger than in a 
normal situation. 

Furthermore, it is essential to the operation of the invention that the 
ratio between the diameter df of the feed hole 6a and the diameter D of the 

15 measuring probe 4a is suitable. In this context, the diameter D of the measur- 
ing probe refers to the diameter of that portion of the measuring probe 4a 
which at the moment of measurement is substantially parallel to the paper 2 to 
be measured and at whose edges the medium is discharged from between the 
paper 2 and the measuring probe 4a as is shown in Figure 3. The medium is 

20 discharged from between the paper 2 and the measuring probe 4a to a free 
space. The ratio between the diameter df of the feed hole 6a and the diameter 
D of the measuring probe 4a may vary between 0.01 and 0.25, preferably df/D 
< 0.1. A typical value for the diameter D of the measuring probe 4a is 20 mm, 
but the value of diameter D may be as much as 100 mm. If the diameter D of 

25 the measuring probe 4a is 20 mm, the diameter df of the feed hole would typi- 
cally be between 1 and 1 .5 mm. If the diameter D of the measuring probe 4a is 
about 20 mm, then the diameter df of the feed hole 6a may vary between 0.2 
and 5 mm. 

Figure 3 also shows how the outer edge of the measuring probe 4a 
30 is designed such that air can more easily be discharged from under the meas- 
uring probe 4a to the space surrounding it. The edge of the measuring probe 
4a is upwardly curved. This shape allows air discharge to slow down 
smoothly. As a result, the force between the paper 2 and the measuring probe 
4a increases and the measuring probe 4a remains better in a state of equilib- 
35 rium with respect to the paper 2. When a plurality of measuring probes 4a 
shown in Figure 5 are used, this shape also allows them to be arranged rela- 
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tively close to each other. 

Figure 4 shows variations in pressure generated by the solution of 
Figure 3. In Figure 4 the horizontal axis represents the level of normal atmos- 
pheric pressure. At the feed hole 6a, the pressure of the medium to be fed is 
5 higher than normal atmospheric pressure. However, in the solution of the in- 
vention, the increase in the flow velocity of the medium generates underpres- 
sure between the feed hole 6a and the outer edge of the measuring probe 4a. 
This underpressure is to be sufficiently high in order for the effect of force 
caused by it to be higher than the effect of force of the overpressure by the 

10 feed hole 6a. 

Figure 5 shows from below an arrangement of the invention com- 
prising a plurality of measuring probes 4a. When a plurality of measuring 
probes 4a are used, they are to be placed at sufficient distances from each 
other in order for the flow of medium of one measuring probe 4a not to disturb 

15 the flow of medium of another measuring probe 4a. Furthermore, a sensor 9 is 
preferably arranged in the centre of symmetry of the measuring probes 4a or 
close to it. By means of a plurality of measuring probes 4a the measuring ap- 
paratus can be very well balanced. The sensor 9 is naturally also arranged not 
to be in contact with the surface of the paper 2. Figure 6 is a side view of the 

20. solution of Figure 5. 

The drawings and the related description are intended only to illus- 
trate the inventive idea. The details of the invention may vary within the scope 
of the claims. In principle, the arrangement of the invention can be used in any 
apparatus measuring properties of paper, but the invention is particularly 

25 suited to measuring the caliper of paper, since the measuring probes can be 
accurately kept at a given distance from the surface of the paper. The ar- 
rangement of the invention is also suitable for use when the paper to be 
measured is not moving. 
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CLAIMS 

1. A method of measuring properties of paper, the method com- 
prising measuring properties of paper with an apparatus comprising at least 
one measuring probe (4a, 4b) having a feed hole (6a, 6b) substantially sym- 

5 metrically placed in the centre of the measuring probe, medium being fed be- 
tween the measuring probe (4a t 4b) and the paper (2) via the feed hole (6a, 
6b), characterized in that medium is fed to produce a force which 
keeps the measuring probe (4a, 4b) at a distance from the surface of the pa- 
per (2), the diameter (df) of the feed hole (6a, 6b), the diameter (D) of the 

10 measuring probe (4a, 4b), the distance (ho) between the measuring probe (4a, 
4b) and the paper (2), and the pressure (P) for feeding the medium being ar- 
ranged such that when the medium is discharged from the feed hole (6a, 6b), 
the flow rate of the medium increases so that the flow produces underpressure 
which generates a force between the paper (2) and the measuring probe (4a, 

15 4b) a force (F), which force tends to move the measuring probe (4a, 4b) and 
the paper (2) towards one another, whereby they are set in a state of equilib- 
rium determined by said forces. 

2. A method as claimed in claim ^characterized in that the 
medium feeding pressure (P) is adjusted between 10 and 600 kPa. 

20 3. A method as claimed in claim 1 or 2, characterized in 

that the ratio between the diameter (df) of the feed hole (6a, 6b) and the di- 
ameter (D) of the measuring probe (4a, 4b) is adjusted between 0.01 and 
0.25. 

4. A method as claimed in claim 3, characterized in that the 
25 ratio between the diameter (df) of the feed hole (6a, 6b) and the diameter (D) 

of the measuring probe (4a, 4b) is adjusted below 0.1. 

5. A method as claimed in any one of the preceding claims, 
characterized in that the ratio between the diameter (df) of the feed 
hole (6a, 6b) and the gap (ho) between the measuring probe (4a, 4b) and the 

30 paper (2) is adjusted so that df/(4 * ho) > 2. 

6. A method as claimed in any one of the preceding claims, 
characterized in that the surface of the measuring probe (4a, 4b) 
around the feed hole (6a, 6b) is substantially even. 

7. A method as claimed in any one of the preceding claims, 
35 characterized by measuring the caliper of paper. 
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8. A method as claimed in any one of the preceding claims, 
characterized by feeding the medium between the measuring probe 
(4a, 4b) and the paper (2) through the feed hole (6a, 6b) at a steep angle with 
respect to the surface of the paper (2). 
5 9. A method as claimed in claim 8, characterized by feed- 

ing the medium at an angle of about 90°. 

10. A method as claimed in any one of the preceding claims, 
characterized in that the medium is a gaseous substance. 

11. A method as claimed in claim 10, characterized in that 
10 the medium is air. 

12. An arrangement in a paper measuring apparatus, the arrange- 
ment comprising at least one measuring probe (4a, 4b), a sensor (9) arranged 
in connection with the measuring probe (4a, 4b), a feed hole (6a, 6b) arranged 
substantially symmetrically in the centre of the measuring probe (4a, 4b), and 

15 means for feeding medium between the measuring probe (4a, 4b) and the pa- 
per (2) through the feed hole (6a, 6b), characterized in that at a given 
pressure for feeding the medium the diameter (df) of the feed hole (6a, 6b), 
the diameter (D) of the measuring probe (4a, 4b) and the distance (ho) be- 
tween the measuring probe (4a, 4b) and the paper (2) are arranged such that 

20 when the medium is discharged from the feed hole (6a, 6b), the flow rate of 
the medium increases so that the flow produces underpressure which gener- 
ates a force between the paper (2) and the measuring probe (4a, 4b), which 
force (F) which tends to move the measuring probe (4a, 4b) and the paper (2) 
towards one another, thus keeping them close to one another, whereby the 

25 measuring probe (4a, 4b) and the paper (2) are set in a state of equilibrium 
with respect to their mutual distance. 

13. An arrangement as claimed in claim 12, characterized 
in that the pressure (P) for feeding the medium is between 1 0 and 600 kPa. 

14. An arrangement as claimed in claim 12 or 13, charac- 
30 t e r i z e d in that the ratio between the diameter (df) of the feed hole (6a, 6b) 

and the diameter (D) of the measuring probe (4a, 4b) is between 0.01 and 
0.25. 

1 5. An arrangement as claimed in claim 14, characterized 
in that the ratio between the diameter (df) of the feed hole (6a, 6b) and the 

35 diameter (D) of the measuring probe (4a, 4b) . is below 0.1 . 

16. An arrangement as claimed in any one of claims 12 to 15, 
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characterized in that the ratio between the diameter (df) of the feed 
hole (6a, 6b) and the gap (ho) between the measuring probe (4a, 4b) and the 
paper (2) is df/(4 * ho) > 2. 

17. An arrangement as claimed in any one of claims 12 to 16, 
5 characterized in that the surface of the measuring probe (4a, 4b) 

around the feed hole (6a, 6b) is substantially even. 

18. An arrangement as claimed in any one of claims 12 to 17, 
characterized in that the apparatus is arranged to measure the caliper 
of paper. 

10 19. An arrangement as claimed in any one of claims 12 to 18, 

characterized in that the feed hole (6a, 6b) is arranged to feed the 
medium between the measuring probe (4a, 4b) and the paper (2) at a steep 
angle with respect to the surface of the paper (2). 

20. An arrangement as claimed in claim 19, characterized 
15 in that the feed hole (6a, 6b) is arranged to feed the medium at an angle of 

about 90° with respect to the surface of the paper (2). 

21. An arrangement as claimed in any one of claims 12 to 20, 
characterized in that the medium is a gaseous substance. 

22. An arrangement as claimed in claim 21, characterized 
20 in that the medium is air. 
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